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In a newly assembled herd of 20 heifers, Staphylococcus epidermidis was found to be the principal cause of udder infections. This organism has often been considered nonpathogenic, but in recent years it has been realized that it should not be neglected as a cause of mastitis. Although it does not cause a severe mastitis, it can cause a leukocytosis in milk and lowered milk production in some infected quarters. To study the pathogenicity and spread of this organism in the herd, a differentiation of strains was considered necessary. One property that appeared to be characteristic and constant for individual strains was the pigmentation of colonies. Pigmentation of staphylococci has long been of taxonomic interest, although it is generally considered of little value in classifying these organisms. Recent studies, however, indicate it may have some value for identification of S. aureus strains in epidemiological I Present address: Department of Microbiology and Immunology, Veterinary College of Norway, Oslo. investigations (Sompolinsky, 1962; Willis and Turner, 1962) . In addition, different carotenoids have been demonstrated in the extracts of various pigmented bacteria and yeasts by chromatographic and spectrophotometric methods (Sobin and Stahly, 1942; Peterson et al., 1954; Fox and Lewin, 1963) . Such methods have been used by Ellinghausen and Pelczar (1955) to differentiate Neisseria species. In view of these results, a study of the pigments of S. epidermidis by spectrophotometric methods was conducted with the hope that it might provide a means of differentiating strains.
MATERIALS AND METHODS
Cultures. We studied 74 isolates representing 50 strains of S. epidermidis. The organisms were isolated from milk samples taken weekly from an experimental herd of 20 cows. A fresh sample from each quarter was streaked on a bovine blood-agar plate and incubated for 24 hr at 37 C and for 24 After incubation at 37 C for 24 hr, one culture was stored at -65 C, and the other was used for identification. The term "strain," as used here, refers to the organism causing a chronic infection of a quarter of an udder. The term "isolate" is used to designate the organisms of the same strain that were repeatedly isolated from the same infected quarter.
The cultures were classified as S. epidermidis on the basis of negative coagulase tests and anaerobic fermentation of glucose, but not mannitol, according to Bergey's Manual. A tube method with citrated rabbit plasma was used for the coagulase test. Readings were made after 4 and 24 hr. The anaerobic fermentations were determined by stab cultures, in Phenol Red Agar Base (Difco) with 1% carbohydrate; the cultures were incubated for 5 days at 37 C in a Brewer jar. Twelve of the isolates were nonpigmented, and the others varied in pigmentation from pale yellow to orange.
For the study of pigment production, frozen cultures were thawed, and 0.1 ml was transferred to a tube of beef infusion broth and incubated for 20 to 24 hr at 37 C. Cultures were then streaked on bovine blood-agar and incubated for 24 hr at 37 C, and again at room temperature. A representative colony was transferred to a Tryptose Agar (Difco) slant which was incubated for 24 hr at 37 C and then held at 4 C until tested.
Seven strains of S. aureus isolated from bovine udders and two strains isolated from man were studied for comparative purposes. All strains were coagulase-positive and fermented both glucose and mannitol anaerobically.
Preparation of pigment extracts. A modification of the method described by Ellinghausen and Pelczar (1955) was used for the preparation of pigment extracts. Cultures were inoculated into 10 ml of Trypticase Soy Broth (BBL) from fresh Tryptose Agar slant cultures and incubated at 37 C for 20 to 24 hr. The 10 ml of culture were then transferred to 200 ml of Trypticase Soy Broth in a 1-liter flask and incubated for 24 hr on a rotary shaker (New Brunswick Gyratory Shaker model S-3) at 80 rev/min. In some instances, the cultures were incubated for 48 hr to determine the effect of time on pigment production. After incubation, the contents of a flask were centrifuged for 10 min at 8,000 X g. The supernatant fluid was discarded, and the cells were washed twice with saline (0.85%; w/v) and once with 70% acetone.
After the acetone wash, 0.5 g of wet, packed cells was immediately weighed and placed into a 125-ml screw-capped Erlenmeyer flask. A 25-ml amount of absolute methanol, heated to boiling in a water bath (80 C), was poured into the flask containing the cells. The flask was placed in the water bath (80 C) for 5.5 min and then held for 2 hr at 4 C. After refrigeration, the suspension was brought to its original volume of 25 ml with absolute methanol and filtered through Whatman no. 1 filter paper. Extracts with little or no visible pigment were concentrated three times by evaporation with a stream of nitrogen at room temperature.
Spectral absorption curves of the extracts were recorded over a wavelength range of 320 to 620 m,u in a Beckman model DB spectrophotometer with a Photovolt Linear/Log Varicord model 43 recorder. The data were then replotted on equal division graph paper. Absorption curves obtained by measuring optical densities in a Bausch & Lomb Spectronic-20 colorimeter (model 340) indicated that the latter instrument was not sufficiently sensitive to provide the detail necessary for differentiating the pigments studied.
Fractionation of pigment extracts. Extracts were prepared as described above, except at least 4 g of wet cells were extracted with 25 ml of absolute methanol per gram of cells. The extracts were concentrated two times by evaporation with a stream of nitrogen, and 1 g of NaOH was added per 10 ml of extract (Suzue, 1959) . After the NaOH dissolved, the mixture was left at room temperature overnight. Twice the volume of distilled water was added, and the mixture was extracted three times by shaking with petroleum ether (bp, 30 to 60 C). The ether fraction, which also contained some precipitated pigmented material, was washed three times with small amounts of distilled water and then evaporated to dryness with streaming nitrogen. The residue was resuspended in petroleum ether.
The petroleum ether suspensions were chromatographed on columns of packed magnesium oxide and celite, 1:1 by weight (Fox and Lewin, 1963) . Colored zones were separated and eluted individually by adding solvent that contained increasing amounts of absolute methanol from 0 to 100%. Each fraction was evaporated to dryness with streaming nitrogen, and the residue was dissolved in absolute methanol for determination of a spectral absorption curve.
The main fractions isolated were tested by partition between hexane and 95% methanol, according to the method described by Petracek and Zechmeister (1956) .
RESULTS
Spectral absorption curves of methanol extracts. Spectrophotometric analysis of methanol-extracted pigments of 68 isolates of S. epidermidis exhibited absorption curves that were classified into 6 types, designated I, II, III, IV, V, and VI. Two subtypes were included in types I and III. Representative absorption curves of the various types are shown in Fig. 1 , with their main characteristics summarized in Table 1 . For comparison, the curve of one strain of S. aureus is shown (Fig. 2 ). -338
curve; however, it differed by showing three additional small peaks at 332, 347, and 367 m,u. The other type curves showed absorption maxima at typical locations between 400 and 475 produce both mw. The type IIIa curves showed variation in the height of the peaks at 402 and 425 m,u. Sometimes the two peaks reached the same height, but, in most instances, only one of the peaks predominated ( Fig. 1 and 3) . The two type III curves were differentiated by the fact that the 402-m, peak was higher than the 447-mu peak in the IIIa curves, whereas the reverse was true in the IIlb curves. The type IV curves, although similar in form to the type III curves, always showed the main absorption peak at 448 m,u. The type VI curve resembled the type II curve, but differed by having the main peak at 407 instead of 400 mIA, followed by an irregular area or plateau of increased absorption between 425 and 470 m,u. The types II and VI curves were obtained in all instances from extracts that were concentrated three times.
Three strains of S. epidermidis gave absorption curves similar to the S. aureus curve; however, the maximal optical densities were lower than the value shown (Fig. 2) Extracts were then prepared, and the absorption curves were determined as described previously. The four absorption curves for the isolates from the two different quarters are shown (Fig. 4 Fractionation of pigment complexes. The pigment complexes extracted from representative strains were separated by column chromatography. At the beginning of the elution, the methanol content of the eluent was increased very slowly to permit separation of pigment components that showed only slight differences in mobility. The results of these studies are summarized in Table 2 . An example of the absorption curves of the main pigment fractions separated J. BACTERIOL. from the pigment complex responsible for a type IV curve is presented (Fig. 6) . At least two to five components were demonstrated from each of the representative pigment extracts. Usually, one or two of the components were quantitatively predominant. The types IlIa and IIIb had what appeared to be the same main pigment in fraction 3, and also shared another component, fraction 1, with type IV. A high degree of similarity also existed between fraction 2 of pigment type V and fraction 3 of the pigment produced by the representative S. aureus strain.
Each pigment fraction was further characterized as being xanthophyllic or carotenelike in nature by partition between 95% methanol and hexane (Table 2 ). Some xanthophyllic fractions were so strongly adsorbed to the column that they could not be eluted with absolute methanol; however, these fractions were of minor quantitative importance. The majority of fractions were greenish-yellow in methanol, although fraction 1 of types IlIa, IlIb, and IV and fraction 2 of the S. aureus extract had a more reddish color.
When the pigments were not completely extracted from the alkaline methanol-water solu- duced by extracts from nonpigmented strains, and (ii) the Ia curve was obtained, in some instances, before concentration of the extract, and the lb curve was obtained after concentration.
The type VI curve closely resembles the type II curve, which may suggest that they be classified together. The fact that no change from one curve type to the other has been seen, and that the organisms which gave one or the other type curve differed in their pigmentation on solid media and in various biochemical tests seems to justify considering them different until further studies show otherwise.
The S. epidermidis strains produced pigments that were primarily xanthophyllic in nature, whereas the pigments of the one S. aureus strain tested was primarily carotenelike. It should be emphasized that, because of the carotene nature of the S. aureus pigment, the shape of the absorption curve (Fig. 2) would be different if the pigment had been measured in petroleum ether rather than methanol. Although the pigment extracts of three S. epidermidis strains gave absorption curves similar to the S. aureus curve (Fig. 2) , it was not determined by fractionation studies whether the pigments of the former also were primarily carotenelike rather than xanthophyllic in nature.
In spite of the complicated pigment composition of the methanol extracts (Table 2) , the absorption curves for extracts of S. epidermidis were very constant, even when the strains existed for long periods in vitro or in vivo. Only minor changes in the pattern of the absorption curves were demonstrated when the cultures were subcultured repeatedly or incubated an additional 24 hr. The effect of incubation was studied with only two strains that exhibited type III absorption curves. It was felt that any effect would be demonstrated more readily by these strains because of their greater variability, as indicated by their tendency to produce both subtype curves. Since no basic change in the absorption curves developed (Fig. 3) , additional studies with strains that gave the other type of absorption curves were not considered necessary to fulfill the aims of this study. It is of particular interest to note that strains isolated repeatedly from chronically infected udders always produced pigments that gave the same type curve. Thus, the differences of the curves (Fig. 4 and 5) represent quantitative rather than qualitative changes in the pigments. This constancy in the absorption peaks and shoulders seems to indicate that certain environmental changes do not alter extensively the character of the pigment complex extracted by boiling methanol. Therefore, this character of pigmentation seems to represent constant properties of the VOL. 89, 1965 
